Abstract. In this study, in order to evaluate the benefits of the application of functional braces that reduce weight load, we examined pain as well as the length of the use of a functional brace from the preoperative period to 2 months postoperative, by classifying patients based on the severity of cartilage lesions. The clinical efficacy of a functional brace was evaluated in patients with osteoarthritis of the knee (OA group) and internal derangement of the knee (ID group) who used braces, using the subjective functional evaluation index of Western Ontario and McMaster Universities (WOMAC). In addition, the strength of knee muscles was measured using a hand held dynamometer (HHD), and the duration of one foot standing with eyes open was examined comparatively. The OA group was observed pain at 2 months postoperative, a longer non-weight bearing period, and longer time until weaning from braces. However, no significant difference was observed in the aspect of clinical efficacy that was evaluated from the results of pain and physical function in the WOMAC index; the scores of both groups were favorable. Regarding the muscle force from HHD data, significant relations were partly observed between affected and non-affected sides in each of the OA group and the ID group. The duration of one-foot standing with eyes open was significantly lower for the affected side compared with the non-affected side. The benefits of the brace in patients with knee cartilage injury who used a functional brace after were confirmed, and it was suggested that the physical ability of these patients could be improved further by providing instruction regarding home exercises for the maintenance and strengthening of muscular strength and balancing ability.
INTRODUCTION
Osteoarthritis of the knee (hereinafter referred to as knee OA) is the most common knee disease that is treated in the area of orthopedic treatment. Degeneration of articular cartilage is an underlying problem in the pathogenesis of osteoarthritis, and it is considered that a complex web of biomechanical and biological responses and aging phenomena 1) contribute to the development of osteoarthritis. For the treatment of cartilage lesions, regenerative medicinal techniques such as osteochondral grafting and the use embryonic stem cells (ES cells) have been attracting attention; however, these techniques are still in the experimental stages and are considered to require some time before their practical application 2) . Since the regeneration capacity of articular cartilage is very limited, chronic pain and dysfunction may result if su bch on dral bon e is le ft ex pose d. Th us, postoperative treatments become more important for the achievement of a good outcome.
The prognosis after arthroscopic surgery varies depending on various factors including patient age, degree of arthritis 3) , activity level 4) and follow-up period 5) , and it is also reported that the symptoms of knee OA can be aggravated after arthroscopic treatment 6) . The established risk factors of OA include age, female gender, obesity and history of trauma. However, the implications of activity level, muscle force and balance, which may be improved by rehabilitation medicine, have not yet been deeply examined in patients who underwent surgery for cartilage lesion. There have been some reports on the effects of postoperative rehabilitation with nonweight bearing condition for 6 weeks 7) and 8 weeks 8) , but these failed to mention how patients maintained the non-weight bearing condition.
We treat patients with cartilage lesions, which have been confirmed by arthroscopy, by drilling and shaving the joint surface, followed by implementation of rehabilitation. During the rehabilitation period, a controlled weight bearing condition is provided by the use of a functional brace that reduces load bearing for about 4 weeks postoperatively, aiming at the stabilization of the cartilage lesion and the mitigation of inflammation. Although various approaches aiming at the improvement of degenerative damage to the joint and restoration of the joint surface have been developed, we considered that the use of a functional brace after arthroscopic surgery may prevent the progression of the disease through changes in lifestyles and increased awareness of knee vulnerabilities by the patients, but the brace itself has no effect to regenerate articular cartilage to a normal state. In this article, we illustrate the necessity of treatment after arthroscopic surgery, focusing on knee joint function, muscle strength around the knee and balance ability, from the perspective of rehabilitation medicine.
SUBJECTS AND METHODS
P a t i e n t s w i t h k n e e O A w h o u n d e r w e n t arthroscopic surgery at our hospital, had cartilage lesions confirmed at that time, and used functional braces postoperatively, as well as patients with internal derangement of the knee (hereinafter referred to as knee ID) who had cartilage lesions confirmed at the time of arthroscopy and also used functional braces postoperatively, were enrolled in this study. Those who were diagnosed as having meniscus injury, cruciate ligament injury or osteochondritis dissecans were excluded.
As a first cross-sectional survey, these patients were asked to fill in a mailed questionnaire, which was prepared principally based on Western Ontario and McMaster Universities osteoarthritis index (hereinafter referred to as WOMAC), and to send it back. The second survey was implemented about one and a half years later using essentially the same questionnaire as in the first survey, by means of telephone or face-to-face interviews. Informed consent was obtained from patients at the time they were asked for cooperation in filling in the questionnaire. In addition, at the time of telephone and face-to-face interviews, the purpose of the study was explained to patients and consents were obtained again on the condition that the content of the interview was not disclosed to third parties. The number of patients responding to the first and second questionnaires was 88 and 135, respectively. Among them, 57 patients in the knee OA group who responded to both questionnaires (8 males and 49 females, average age 67.2 ± 7.8 (±SD)) served as the subjects of this study; 25 patients in the knee ID g r o u p w h o s i m i l a r l y r e s p o n d e d t o b o t h questionnaires (6 males and 19 females, average age 55.6 ± 10.3 (±SD)) served as the reference group. The average postoperative follow-up period was 4.1 ± 3.5 (±SD) and 5.2 ± 3.0 (±SD) years for the knee OA group and the knee ID group, respectively.
Based on arthroscopic findings, the severity of cartilage lesions in patients was classified using the modified Outerbridge Scale 9) , which defines the degree of changes in articular cartilage under arthroscopy. This method provides good intraobserver and interobserver reproducibility, and defines cartilage softening as stage I, fibrillation or superficial fissures of cartilage as stage II, deep fissuring of cartilage without bone exposure as stage III, and bone exposure as stage IV cartilage lesions. In addition, we examined the percentage of the patients who complained of pain before surgery and 2 weeks, 4 weeks and 2 months postoperative, the average period of non-weight bearing with the use of a functional brace, and the average time before weaning from the brace, for each stage of cartilage lesion. The timing to stop non-weight bearing or brace wearing was determined by physicians.
In the questionnaires, subjective functional evaluation based on WOMAC 10, 11) , which is a clinical evaluation required to predict joint function in patients of the two groups using functional braces, was performed. In order to assess physical ability, the muscular strength of the quadriceps and hamstrings was measured using a hand-held dynamometer (hereinafter referred to as HHD) (J tech Medical, Power Track II), which allows quantitative and easy measurement of muscular strength, in 40 patients in the knee OA group and 24 patients in the knee ID group, in whom both face-toface interview and evaluation could be implemented in the second survey. Muscular evaluation was implemented adopting standard positioning of the subject, the joint and the instrument, advocated by Bohannon 12, 13) as the position that eliminates the effect of gravity. The measurement procedure using the HHD consisted of maintaining maximum isometric muscular force for about 2 seconds immediately after the start of the measurement; this was repeated twice for each side and implemented 5 times alternatively. The maximum measurement was regarded as the maximum muscular force (N). Regarding balancing ability, static standing balance was measured adopting one-foot standing time with eyes open as a task pursuit test. The one-foot standing time with eyes open was measured with bare feet, as the period from the instant when one foot lost contact with the floor to the instant when the foot regained it. This was measured twice on each side using a digital stopwatch, up to 60 seconds, and the longer of the two measurements was regarded as the one-foot standing time with eyes open (sec).
The distribution of cartilage lesion severity levels among patients, as assessed by arthroscopic findings, as well as the scores in the areas of pain and physical function of WOMAC from the results of the first and the second questionnaire surveys, were statistically analyzed. WOMAC scores were calculated by putting the point score into the following equation to convert the point score into the score between 1 and 100.
{1 -(point score-5) / 20} × 100 for the 5 items in the area of pain, and {1 -(point score-17) / 68} × 100 for the 17 items in the area of physical function
The relationships between the severity of cartilage lesion and the results of the questionnaire in each group were analyzed using the MannWhitney U test and the Student's t test. Muscular force measurement by HHD and duration of onefoot standing with eyes open were analyzed using t tests. A p value less than or equal to 5% was considered significant. Table 1 , the average age of patients in the knee OA group was 67.2 years and that in the knee ID group was 55.6 years, with a difference of about 11.6 years. The average BMI was 23.6 for the knee OA group and 24.8 for the knee ID group. The average postoperative follow-up period was 4.1 years for the knee OA group and 5.2 years for the knee ID group with a difference of 1.1 years. There was a significant difference in the severity of cartilage lesions, as judged from arthroscopic findings, between the knee OA group and the knee ID group (p=0.019). However, in both groups, the largest proportion of patients was classified as stage III with deep fissuring. The percentages of patients who complained of pain generally decreased between the preoperative period and 2 months postoperative. However, in both knee OA and ID groups, those with higher stages of cartilage lesions complained of pain at higher percentages, even at 2 months postoperative ( Table 2 ). The length of the non-weight bearing period with the use of a functional brace, and the time until weaning from the brace, were longer in patients with a higher severity of cartilage lesions in both knee OA and ID groups. In particular, the nonweight bearing period and time until wearing from the brace, in patients with stage IV cartilage lesions in the knee OA group, were longer than those in their counterparts in the knee ID group.
RESULTS

As shown in
As a result of the first and the second surveys, WOMAC scores in the areas of pain and physical function were favorable, with no significant difference between the knee OA group and the knee ID group (Table 3) . Scores in the area of pain improved from 84.4 to 88.4 in the knee OA group, and from 80.6 to 87.0 in the knee ID group, and scores in the areas of physical function improved from 81.5 to 87.7 in the knee OA group, and from OA: Osteoarthritis, ID: Internal Derangement of the knee. † Plus-minus values are means ± SD. The percentage of the patients who complained of pain at each time point, the average period of nonweight bearing with the use of a functional brace, and the average time before weaning from the brace, for each stage of cartilage lesion. 88.7 to 90.7 in the knee ID group. As measured using the HHD, the muscle force of the hamstrings in patients of the knee OA group was significantly different (p<0.05) between the affected side (68.8 N) and the non-affected side (72.6 N), but no significant difference was observed for the quadriceps between the affected side (78.1 N) and the non-affected side (79.9 N). By contrast, in the knee ID group, no difference was observed between the muscle force of the hamstrings between the affected side (79.7 N) and the non-affected side (83.8 N), but a significant correlation was observed in the muscle force of the quadriceps between the affected side (78.7 N) and the non-affected side (88.7) (p<0.05) ( Table 4 ). In addition, between the knee OA group and the knee ID group, a significant difference was observed only for the muscle strength of hamstrings on the affected side (p<0.05).
The average duration of one-foot standing with eyes open was 21.4 seconds on the affected side and 32.4 seconds on the non-affected side in the knee OA group, and 31.8 seconds on the affected side and 48.1 seconds on the non-affected side in the knee ID group. In both groups, the duration of onefoot standing on the affected side was significantly shorter than that on the non-affected side (p<0.01) ( Table 5) . Among the 82 patients who participated in this study, further surgery was required in only 4 patients, including additional arthroscopy in two patients, as well as high tibial osteotomy and total knee arthroplasty in one patient each.
DISCUSSION
Since degeneration of cartilage progresses with the deviation of the functional alignment axis of the knee joint, it cannot generally be expected that arthroscopy, which provides no strong mechanical correction for the entire knee joint, provides restoration of a stable joint surface and good postoperative outcomes. Therefore, the favorable postoperative outcomes shown in this study in both the knee OA group and the knee ID group are c o n s i d e r e d t o b e a t t r i b u t a b l e n o t o n l y t o postoperative cartilage reparation and restoration of joint stability by the use of the functional brace, but also greatly to the change in the load environment in the patients' daily life after they experienced arthroscopic treatment.
In patients of both knee OA and knee ID groups, with varied severity of cartilage lesion, a functional brace was used to provide a period of around 4 weeks of non-weight bearing after arthroscopy. Despite the shorter non-weight bearing period compared with earlier studies by Irrgang 7) (6 weeks) or Dzioba 8) (8 weeks), good outcome was achieved as shown in subjective evaluations. However, the length of the non-weight bearing period varied depending on the severity of cartilage lesion and the pathology of the knee.
In tissue in which the cartilage matrix is degenerated, the same compression force causes greater deformation by providing greater mechanical stress than in normal tissue. Steadman et al. 4) proposed that resurfacing of cartilage could be enhanced by harnessing body's natural healing capacity and by providing an environment which is suitable for the formation of new tissue. Johnson et al. 14) explained that the principle of joint protection by a 2-month non-loading period consists in the provision of an environment for the formation of blood clot tissue and fibrous tissue. Moreover, Hunziker et al. 15) wrote that partial-thickness defects in mature articular cartilage do not heal spontaneously, but if the development of early defects could be impeded or arrested by eliciting a repair response, then exacerbation of the pathological condition might be prevented. Functional braces receives weight load around the patellar tendon. This brace are considered to be able to function as a stable weight-bearing joint for the tissue by making patients conscious of changes in the frequency of use of the knee and load from an early postoperative period, and making them rerealize the function of articular cartilage. Besides, as Barret et al. 16) showed that knee joint angle misrecognition by patients was reduced after the application of braces in patients with knee OA, functional braces have an important function, not only by maintaining a non-weight bearing condition, but also through enabling walking and daily life activities. However, from the facts that the result of muscular output measured by HHD in this study showed a characteristic difference between the flexion muscle and the extension muscle of the knee, as well as an evident difference in the duration of one-foot standing between the affected and non-affected legs, it can be considered that long-term wearing of such a brace may cause disuse muscle atrophy of the lower legs and modulation of periarticular proprioception, leading to decline in the sensory information function of the body. Skinner et al. 1 7 ) showed that, as a repercussion of deteriorated knee function, proprioception, including joint motion sense and position sense, is clearly deteriorated in elderly people compared with younger people. Thus, it is a cause for concern that deteriorated proprioception due to aging and brace wearing may promote functional disability of the knee.
While knee extension muscle force in normal subjects was 154.9 N in the study of Bohannon 13) , the present study showed an average extension muscle force on the non-affected side of 79.9 N in the knee OA group and 88.7 N in the knee ID group. Atrophy due to aging of the muscle itself and disuse atrophy due to a reduced amount of exercise are the conceivable factors contributing to muscular weakness around the knee. Since extension muscle of the knee also functions to absorb shock as a counteraction against malalignment, muscle strengthening is essential for the knee OA group, which showed an evident difference in muscle force between the affected and non-affected sides. Moreover, regarding the duration of support on the affected leg, which was shown through the duration of one-foot standing, Kita et al. 18) reported that the duration of one-foot standing with eyes open in patients aged 65 or over with chronic pain diseases is below 15 seconds; however, in our study, the average duration of standing on the affected side was 21.4 seconds in the knee OA group and 31.7 seconds in the knee ID group. This indicates that these patients managed to control weight loads on their knees within the extent that does not affect their daily life activities, having concern over their knees with cartilage lesion. From these findings, it was suggested that there is a need to provide patients with appropriate instructions to improve and maintain balance ability in addition to instructions to restore range of joint motion and muscular strength, during the postoperative rehabilitation of the knee joint.
Although cartilage, once damaged, is not completely restored, mitigation of swelling and pain during the postoperative healing process improves abilities of walking and moving, and increased activity of muscles around the knee joint stabilizes the joint, which leads to improvement or prevention of progression of the symptoms. In this study, only a few cases experienced aggravation over time, with 4 patients undergoing repeated surgery. Mithoefer et al. 19) suggested that a high BMI of 30 or above is related to poor outcomes after arthroscopy. In the present study, many of the participants were females, the average age of the knee OA group was 67.2 years, and only 1 participant had a high BMI of over 30. It is surmised that participants had proactively managed themselves trying to minimize the load on the knee, although activity lessens with aging.
Ihara 20) proposed that damaged cartilage can be regarded as functionally scarred tissue. The knee joint will come to be able to function in a way to reduce the burden on articular cartilage, if muscles can adapt to the mechanical information of weight load.
With the aging of the society, the number of patients with knee diseases will surely increase, and further development of articular cartilage restoration techniques will be demanded. While restoration of cartilage itself may have good potential as a treatment, it is also important to provide an environment in which the restoration potential of the knee itself can be fully exerted by t r y i n g t o r e d u c e m e c h a n i c a l s t r e s s e s , b y establishing a behavioral pattern to use the body effectively, and by ensuring self control, aiming at an improvement of functions including posture and behavior from the perspective of rehabilitation medicine. It is important to implement exercises that can provide substantive effects, by obtaining information on whether the causes of cartilage lesions are intraarticular defects due to trauma, malalignment, or muscle imbalance, with time courses in mind.
In this study, it was clearly shown that postarthroscopic rehabilitation with a period of about 4 weeks of non-weight bearing with the prescription of a functional brace provides good outcome depending on the status of the articular cartilage of the knee joint, regardless of the diagnosis of knee OA or knee ID. The goal after arthroscopic treatment of the knee is to maintain and perform daily life activities in appropriate postures without pain and to achieve stable load bearing. In instructions for home exercise to attain this goal, it is important to promote stabilization of the knee joint, taking maintenance and strengthening of the muscles around the knee, and suppression of factors that cause pain into consideration.
